The mammalian olfactory system displays species-specific adaptations to different ecological 26 niches. To investigate the evolutionary dynamics of olfactory sensory neuron (OSN) sub-types 27 across 95 million years of mammalian evolution, we applied RNA-sequencing of whole olfactory 28 mucosa samples from mouse, rat, dog, marmoset, macaque and human. We find that OSN 29 subtypes representative of all known mouse chemosensory receptor gene families are present 30 in all analyzed species. Further, we show that OSN subtypes expressing canonical olfactory 31 receptors (ORs) are distributed across a large dynamic range and that homologous subtypes 32 can be either highly abundant across all species or species/order-specific. Interestingly, highly 33 abundant mouse and human OSN subtypes detect odorants with similar sensory profiles, and 34 sense ecologically relevant odorants, such as mouse semiochemicals or human key food 35 odorants. Taken together, our results allow for a better understanding of the evolution of 36 mammalian olfaction in mammals and provide insights into the possible functions of highly 37 abundant OSN subtypes in mouse and human. 38 39 3
knowing the relative abundance of each OSN subtype both within and among species may 60 provide a better understanding of these evolutionary dynamics. 61
62
Using an RNA-sequencing (RNA-seq) based approach, we have profiled previously the 63 complete mouse and zebrafish OSN repertoires and found that they are stratified into hundreds 64 to thousands of functionally distinct subtypes, represented across a large dynamic range of 65 7 323 intact human ORs (plus additional 145 truncated or pseudogenes), thus increasing the 143 number of detected intact human ORs detected by ~18, when compared to a previous study 144 using an array-based approach (Verbeurgt et al., 2014) . Together, these results are indicative of 145 the adequacy of our sampling strategy and of the quality of our WOM samples and suggests 146 that most intact ORs are expressed, and putatively functional, in most species. We found that 147
OR genes are expressed across a large dynamic range in all six species, with only a few being 148 highly expressed (Fig. 2D-I is no apparent clustering of the ORs that define the most abundant canonical OSN subtypes 162 within each species (Fig. S3A) . However, within the order Rodentia, mouse and rat display a 163 high level of conservation in OSN subtype frequency (Fig. 3A) . In contrast, when comparing 164 abundance levels of OR-expressing OSN subtypes within the order Primates (marmoset, 165 macaque, and human) or between any other species combinations, we observe no apparent 166 conservation in OSN subtype representation (Fig. 3B,C) abundance between species, and of which only ~9% are highly expressed (Fig. 3D) (Fig. 3D,E) . These odorants have diverse perceived odors in humans 210 and based on their chemical structures we assigned them to 11 different chemical classes. In 211 both human and mouse, carboxylic acids (cheesy/sweaty odor) are the most represented class 212 (accounting for ~25% of all detected odorants) (Fig. 3F) . Thiols (sulfurous) and vanillin-like 213 (sweet) odorants account for additional 23% in mouse and human, respectively. Interestingly, 214 these two categories together represent ~44% of all detected odorants in both species. Other 215 categories visibly different between species are aldehydes (fruity, aldehydic) in mouse, and 216 alcohols (floral, fruity) and ketones (fruity, floral, buttery) in human. Interestingly, terpenes 217 (green, minty) and azines (animalic, pungent) were detected only by human, and camphors 218 exclusively by mouse alone. Furthermore, we found that 10/11 OGGs (e.g., OR5A1, OR11H6 219 10 and OR6X1) containing deorphaned human ORs that detect molecules (e.g., (Fig. S4A,B) , raising the hypothesis that these enrichments could be derived 256 from the fact that highly abundant ORs are more likely to be deorphaned (see results above). 257
258
In order to obtain a second line of evidence supporting the putative enrichment (above the 90 th -259 percentile of expression) of OSN subtypes sensing human KFOs and mouse SMCs, we 260 compared the mean expression values of these subtypes against the ones binding only other 261 odorants. We found that human ORs detecting at least one KFO have on average ~2.4-fold 262 higher expression levels than ORs detecting other odorants (unpaired t-test with Welch's 263 correction, two-tail, P=0.0030; Fig. 4E ). Moreover, a similar analysis with mouse ORs revealed 264 no significant differences in expression between OSN subtypes detecting human KFOs or other 265 odorants (Fig. 4F ). In line with these results, the average expression levels of mouse ORs 266 detecting at least one SMC is ~2.7-fold higher than ORs not detecting SMCs (unpaired t-test 267 with Welch's correction, two-tail, P=0.0004; Fig. 4G ). Furthermore, a similar analysis for human 268 revealed no significant differences in expression between ORs detecting mouse SMCs or other 269 odorants (Fig. 4H) . OMP  GNAO1  CNGA4  ANO2  GNAI2  GNAL  RIC8B  ADCY3  CNGA2  ALCAM  GAP43  CHL1  ASCL1  NEUROG1  TP63  EPAS1  SIX1 
